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HydrogenatiOtt 

Vhw Wskipedia. the fit-o cncyciopecUa 

result .n^^aaa'Uo^ of # '^^^^ P^^^ ktOH 

hvdiogen (II,) usually to W HO f ' 

uiisaluraica org-.n!c / H ^ 

u u H O 

compourus 'Pk'pjccos-i ! f n 

constnutos Uic addiLon of 

iiydrogen atoms to tlie double bonds of a molecule through the use of a catalyst. Hydrogen also adds to 
triple boTids if they arc present. Typical substrates incUido alkenes, alkynes, ketoiics, nilrileii, and ipiincs. 

Mosi hydrogenations un-olve the direct addition of diaUt!f\x h\Cio^n-x) { I hv/ some m\ olvc the 
aliciuative sources ofhydrogeti, not H^: these processes aK ta. o<i ! dr,-.\; !<C.< Oi,>L/.auou!S The reverse 
reacuon, removal ot'hvdiogen, is called dehydrogenation. A iefiLtion ui\ oh tng hydrogen and cleavage 
of a torbon-o\\^t n ho'xl cai bon-nitrogen bond is called Hydn)genolysis. I iydi-ogenatjon difft;rs from 
piotonatHJii o. n\ ir tie addrion ( e.g. use of sodium borohydride): in hydrogeiialion, the products have 
tlic same c.dx^a a? the reactants. 

T^\e chissical cxanipie of a liydrogenatlon is the addition of hydi'Ogen oi^ unsaturateti bonds between 
carboa iimvs con\ crtsn^' aike;us to alkanes, A simple example is tiic hydrogenation of nmleic acid to 
suLT. I. <!0<ljcpa cd Miihcght - ^ Numerous important applications are found tn the petrochemical, 
phiinracaiticai and xxxi iuaLisincs, 

Health conceiniS asi,ociaicd with the hydrogenation of unsaturated fats to produce saturated fats and tran^ 
fats IS an ni^poitarn a^spect of cuiTent consumer axMreness. 
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Hydmgeiiation has three compoiffiiits- 



http://en.wikipwiiii.org/wiki/Hydrogenation 



2/1J/2008 



Hy^ogeaatior! - Wikipedia, the free oicycfepeaia 



Page 2 of 8 



ss tlie tmsaiiiraied simstrate, 

5» die hydfogen lor hyarogeii source) and, mvanabtv. 
« acataiyst 

The largest acaJe techiiologica! uses i^c the h\Oro venation aud IivdiogenoWMs u\K*jons 
associated with both hea\y ajid fiac . kni..i - .n>ii.st-K-s yyditsgLjiation ts the add)tjor o.'lu lo 
anisaturated organic compounds t>i ch a-s aikcncs to give aikanes and aldckvdcs to give alcohols 
Hydrogcnauon reactions rcquue rncidl caiaiyste, often those composed of platmuin or simdai precious 
metals. 

rhy addition oflT^ to an alkenc aftbrds an alk^ne in the protypical reaction 
RCH-CH,j 4 . RC! I2CH, (R - alkyi, aryi) 

n oona it characteristic of alkeae and aikyne hydrogcnations both honioL,eneous and heterogeneous 
1^ ih iM' vurogcn addition takes place wiih s>yn addition v^ith hydrogen entering from the ks&l hindered 

Catalysts 

\\ .th rrre exco, > 10 \ ro c kj on heiow 4?^') oci.u5s ht.h\eei HydiK ui^^ no cos n>Oi id- h 
dbi>cncc ot .naal Calais sti The cata!>!>t siniuitanv^ously binds, hoth the ^^"^^ im^ati rated "^ubbLate 
and facihtates their union Piatmom gioup maais, particularly platinum, palladium, ihodiuni and 
nUhtuium aic htghh actne catalysts fJighly active catalysts operate at lowei tempo'^^ \rcs and lo^^cl 
prefesu.cs or !In \. - r'-^cioi s nctal calaUst<; e-^pctuU tl b Atd ij.kcl<sav' ^ is J 
andl ra<ihibari kV. ) hixc aijju been titsek pid s t(.o wn (.a! dittnatnus I ui t'n. v i i k'l ^iont i i r 

-^auuc hi k t . ){ Tnc trade oil is activity (speed of reacnon, \s ci st ot liit catai^ si anO cobi 

^ t > 5! V. iui, mi use of high pressures 

I v\o h.oat. Urn i h ts .re known - homogeneous and helero^tJKOds ' l< {,H)'jenLVus caidly&ts 
dissoivc m >hc soho ! i it t uitihis the unsaturated cfihstr'it. ike ) ^ i m, i i u -vijid-^ that are 
fei upended ki tliw sai i^ s \ i w U'l the substiate ot aie treated \\ uh gdi^eous uhsti ale Ir *he 
pnannaccutical ti u.is rs an J io special chemical applications, soluble ""homogeneous"" catalvst are 
scnenmes cniplo\id ~,U'.,\ .*s i rhodinni-based compound knov>n as Wdkmson's catalyst, or tlie 
nd itm-bascd Ciahtjiev's caialv t 

The actn ,(v and select}M*N of catalysts van rtujsisk^l h\ chp it:! )y liie v.nvjronmen{ around the nieta^ 
V (.ooK^n.no 1 sphore Oificjent Liies ot <. ci ■>h. h l Ixfcofoneobs Cd c K"t cisi.as d snj U 
civ u xitN<3wf.c 's.nduK »eiei >^e5uo ^ .rM\sts . e .ifja .a b> heu -support- c die e-i J 
upo 1 \> it^i t ^c iieivrogeneoiib caui>it is Ixumd Homogeneous caiaiv^t^ <ir^. atfocfcd b> tiicir hi^ands ii 
Tnan> cases, highh cnipmcal modifications involve selective "poisons " fhus, a carefully chosen 
catalyst can he used to h^mogenate some functional groups without affecting others, such as the 
* sdio 'onar ou { <jKer es mthcit fou^-jir^ aumiaiic nags, or tlic selective hydtogenation ol alkvues to 
a wi c- xi-^n.i \ niiai s .auil si . oi piueh.ra sub^tiatcs, the selectivity of tlic catalyst can be adjusted 
alivh dial one esiantiomenc produci. is produced. 

Meclianisin of reaction 
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F«-v..iU5e o \ iLc\ \>iv.>^.^al u K>\ancc, meta!-caUi\/ed "activation" ofH,, has been U\l subiett > i 
considcra.T i. s.lr n cc ^.ihg u i the reaction mechanisms of by which metals mediate tbi.^c '-^ji. i!' i.s ^" ' 
First of ah .io.opo \. ^eur^ o,ng acutermm caji be used to determine the legjodicmistrs' of Ju- *>oti ifor 

RCH-CH2 } _ RCHDCHp 

-.s.nn.'.h ho TO J h n i^ to >ot1i components to gi\e an mtermediate aIkenc~metai(Hh complex The 

general sequenee ot reaciions ss: 

« binding of the hydrogen to gi\ 0 a dihvdnde complex ("oxidative addition"). 

» bmding of aikene: 

IjMnrll,^ UK (HR >l,^^\fH,((L, CHR) 1 
« .r.xtu er of one li}diOge>i .uosn 'jori the niotal to carbon (mtgratoiy insertion) 

» ransfej of tihs secur a iio^cu afoji tiom tne metal to the alkyl group with simuitaneoiis 
diSiiOCiatioii oj a.kmc ("roduoiivc eiimmation") 

Lj,, .MlHXCHyC H,R) - L^, + CH.-CH^R 

Piecedmg tl>e csxidative addition of H2 is the fonnation of a dihydrogen complex 

Mydrogeo sour eess 

Iheob-vious source of H2 is the gas itself, oilen under picbsiuc H\dio^en c^.t. a.so be i^^jsierred from 
hvdrogen-donor molecules, such as h\dia/moJ'^^f'^S dihsdronaphihalcno dihvdroanthuicenc, 
isopiO|Viol and liv-n a<. d ' Tiansfei hvdioj,cnatu>n wii! K nxuil (<mK lu Hvdroiicnation does 
pl^\ecd !oni -omt I ^iU -^v \ i^mirs without catah sis, cxampici bcuii, ijtrkio and 1 an msu'ii 
i^opu)pox.de SoiiK' '^eacti mis ^e g leduction of thioketai^) do not retjuuw ;he addition of hvdiugeii if a 
frosblv piep<5red Rarcy Nickel catalyst is used; sufficient hydrogen is deposited on the catalyst as it is 
prepai-ed. 

Temperatures 

I hi i.Ov so i-M.arMuio> <' J TwK ni to npetaiures and pressures dcpendmg upon the substrate. 
ll^u^ <y\ u->r !b . bf *j ovotbcmnc ioaction In the hydrogenationcfvegctable oils and fatty acids, 
io oxaii'pk the htai ro cai,cd is about 2^ kcal per mole 0 05 kJ/raol), sufficient to raise the temperature 
of the Oil by 16-17 'T per it>dmi number diop 
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Scope 

\ k>r.t. CXI be se c^'ivoh. toiu cried mto alkcncs in a so-calied .semihvdrogcnatkm, toi iusLjuce wnh 
the compound Eih\i 3 Hi'H'ioiiii' and c^Ualyst pallitdmrn axi barium sulfate and quinoline (whjch 
deacUvatcs the caia-ysi enhUiicsng chemosciecdvity)-J'^^ 

„^^o,a . - 

qwinelin©,: E| O, ri I D hiss, H II 
or with 4'r(mmethyimi^l}-3^buiyn^^^^^ 



H, 1 atm 



Pd/BaSO,, H— <'s ^^^^ 





The next reaction featuring carv'one is an exajtiple of homogeneous catalysis i.e. the Wilkinson's 

catalyst:^ ''^ 



1 atm 



benzene, rt, 4 hfs. 



Hydiogenation is sensitive to steric hindrance explaining the selectivity for reaction with the exocychc 
double bond but not the internal double bond. 

The compound l-naphthol is completely reduced to a mixture of decalin~o1 isoraers.^^^^ 

OH H, , 60 psi 

v-^ t)5%EtOH,A0OH,rt 12hfS. 
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The conjpuund resorcmoi, hydrogcnatcd with Raticy nsckel m presence of aqcoiw sodjum h>d}o\ide 
forms an cnolate which is alkylatet! with methyl iodide to 2-mefhvi- 3-cychhcxanJiofieP 



.\.n oiTccuvo catal>.si {s ihe I tudiar catalyst for £-xam}))e iu the c{m\er5ion of phcnylatoiyicno to stwene. 



[lyd'ogefUi:!on is also used in orgauic ruiuctsonof nilj-o compoumLs, lor iusiaacc aroiiKUic nitro 
compouRds in combination with palladium on caiton and formajdehyde:^^^^ 



or ihe reduction of iraines, for exiwnple in a svulhesis of nhtolytuefizylamine-p^^^ 



or the reduction of riitriles for jjn^tajice in a synthesis of plienethylamme witi^ Raney nickel and 

armnoma:'-^ ''^ 



Jm the food Mdiistry 

HydrogenaiioTj vvidoly applied to the processing of vegetable oils 
and fats Complttte bvdrogenation converts unsaturated fatty acids 
to satuiaied ones In. pidcnce ihe process is not usualK can 'cd to 
com"> cuoa S'licc tlK crj;inai ods usually contain t.ioic "han w 
douhi,: bond pc- Tutt!(.cu 4. {^tVt is, they aie poly-unsauirated), Jk 
rcsu'i \ ' si doson K'U as p.jL!-*ialK hvdrogcnatcd \t;i,eiabic oil, 
th^*. - so !K, out as .a'K Lot J\, o\ !hc douoie Donds in each 
nuvecule lu\ c been :cduccd rhis ts done by rcstnctuig the amount 
of h\ drogen (or reducing agent) allowed to react wjth the fat. 



Typt'i of fats In food 
« Unijanxi=!.cd l^s 

» \l<'!n(X3:r!s<Uurated iat 
s PolMuisaiurdted fat 
« iransiai 

m SatJi.net \.d 

» Intcsv^stcrificd ia 
bee also 



i ^ scjr ai ^att^ ii 



F\a st?t nt! 1. .es iLs m Jk' a?rNei^ion ofhquid \cactabie o is !o 
^ ivi or ■x.ni - ''A UiX'- suv 5 .'s Uioso p L-i-rt m niaigaiino 
t./af ^ iiig ihc d>,ij,xOc of i-aiuration ol ihe tat changes some importaiit p}i>M4.al pioptiiics such a- 'he 
melrng pomt, which is ^hy hqmd oils become semi-sohd. Semi-s»ohd fats are prctc ' eJ oi nakuig 
bccau'ic ihc \\d\ th<^ fat nixes with flour produces a more desirable texture m tiic h.iku otodi ct S nee 
p, t .^■.d?Oircn< \ot,eta')iL. oiis aie cb^.apci than annual souicc fats, au a\ada'^ c n , de Mrgc 
ct>r^!s^oj I. u - < 1, oiici Jcsua ile chaiactcistics (a g-, more ised oxHlaux c ovabi tt\ Ji* s i 
> tl >. V ^ti^. 1 1,: p'-i-ao iiuian tais usal .n most conimcicial baked g{K>ds Fai blends *omi .1 ico ioi 
ihiS purpose are cafled ahorteinngs. 

Ikaltli Impikatioos 
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A side erfcci ot lucompletc Uydrogcnation having imphcauons fo: human hcuhh the ^vnren/.uj-'n o' 
the remainittg ujnsaluraied carbon bonds. The cis conligurat-ors o'' those d>.<u[)L b(mc^ prc<lonijn<ru>G in 
the unproccssv,d fats m mnai edible fat sources, bui inconipicte hyUuigt-'naL^jti pafU^]>, ccrvon-, ^hoso 
jko)t.cules to ttaiis isoraojs, wi^oli have been hnphcateil m cnculatory djt^easc-, tnoU.du-se^ hc.ut tj^c^iiSi. 
(sec tran?; r>is) Ihe catal^t^c i.vdrogenation process favots the conversion from 01$ ;o lar'- bo^ida 
bccaust, tiit? irans configui-atton has lower energy than the natural cis one, \t ^>L^\v0^ iav., :he tianb. 
howci- ratio is about 2'1, Food legislation in the US and codes ofpKictict \n U: h<>N Wi: -i^quueo laoe 5 
doclari'^ the couKnx offoods m letail trade and moie neccnti} . h<i\ ^ d\u rooi.a .^r. dociajauo the 
trajia rai Gonicnt. 

h\ 2^)00 Now ^ o'k 'wUy a..'opted tnc I TiksI major municipai ban on nwst att.iku?! irans fat's jn 
restauiant eot>king,^^^-J 

History 

The e^ihest hytkogenaisoi is Ibat orpUitinum catal>/ed addnior ofhxcrc^ c^- to o\\g^>n it\ iho 
D^bereincr's lamp, a device commercialized as early as 1 82 ^ ; he ! > • lu . ssi i-au Nab ^ jor 1- 
considered the father of the Lyd-ogenation process in 1897 ho disct^xeiod fh<jt the !nuoduo.u> i 01 a t.aco 
ofnieket as a Ci\u!\s.t facilitated tbc add5ti<)r of hydiogcn to raok-cules of ga.s0ot.3s carbon compounds n 
whai i» now kuo^M: as irx Sabaiia process Foi this work Sabaticr won half o*~t k 19.2 Nobel Pn/c in 
Ciiemistiy WJhehn Nomiann vtas. aw ix^d^d a patent in Germany m 1 and m Btttatn m i903 Ibi the 
hydi"ogenation of hquid oils using hvdiogcn gas, whicli was the bcgirnm^^ of what is nou' a veiy largi.' 
Industry world wide The commerciaiiv \t.i> important Haber-Boscii process (anmioniahydrogenation) 
was first described in l^io-s {. id Icss so Fischcr-Tropscb process (caiton monoxide hydsogenauon) in 
1922. Another comnKr<,,al appLcUK^n is the 0x0 pnx-eas (1938), a hydrogen mediated coupbng ol 
aldehydes witli alkenes xVilkinson's catalyst was the fust homogeneous catalyst developed m the 1 9(>0s 
and Noyori asymmetric hydrogenauon (19S'"'! oov. of the first applications in asymmetric synthesis. A 
200? riu'vic^x aiticL advocated the use of more hydiogenations m C-C coupling reactions like the 0x0 
proccss.f'^i 

Metal-frce liydrogeiiatloo 

Ahlion^h fui d I p^iictical pmpo.se.s i-iydjogeiiation rcquuci, a tnctal catalyst tlieic exist .some nietal-lr<.e 
car^fisiio sions that arc .ns csugatcd in academic research. One such system for reduction of ketones 
consists 0. tort-jiuanol a^id poiassntm tert-butoxide and veiy Ingh tempcraturcs.^^^^ The icaction 
depicted Pc'ow descnbe^> the hydrogenation of benzophcnone: 
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■\ i hctr^ical kinouci- ^stud^ ^^'^ found this reaction is first order in all three reactants sugaesting a cyclic 6- 
niombcred traiisition siate. 



Another system is based on the phosphine-bormie compound (1). It reversibly accepts dihydrogen at 
toic'thveiy low temperatures to form the phosphoiuum borate 2 which is able to reduce a simple hindered 



N H H H 



See also 

« Dehydfogenation 

« Transfer hydrogenation 

» Hydrogenolysis 

» Hydi-odcsulfurij;atioo, liydrotreater and Oil dcsulfurizatton 
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